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GHYHORSHG DQG LQWURGXFHG WR WKH LQGXVWU\ QDPHO\ /LJKWZHLJKW FRQFUHWH ILEHU UHLQIRUFHG FRQFUHWH 8OWUDKLJK
SHUIRUPDQFHFRQFUHWH5HDFWLYHSRZGHUFRQFUHWH7KHPRVWFRPPRQDQGZHOOUHVHDUFKHGPDWHULDOLVILEHUUHLQIRUFHG
FRQFUHWH XVLQJGLIIHUHQW ILEHUV7KH FRQFHSW RIXVLQJ ILEHUV LV WR HQKDQFH WKH WHQVLOH EHKDYLRURI WKH FRQFUHWH E\
EULGJLQJWKHFUDFNVDQGLPSURYLQJWKHORDGFDUU\LQJFDSDFLW\RIWKHVWUXFWXUDOPHPEHUV&RQFUHWHSURSHUWLHVH[LVWLQ
PXOWLSOHOHQJWKVFDOHVRIQDQRPLFURDQGPDFURVL]HVDQGWKHSURSHUWLHVRIHDFKVFDOHLVGHULYHGIURPWKRVHRIWKH
QH[WVPDOOHUVFDOH
6WHHOILEHUUHLQIRUFHGFRQFUHWHLVZLGHO\XVHGLQWKHLQGXVWU\DQGLVWKHPRVWFRPPRQILEHUVXVHGDWWKHPDFUR
DQGPLFURVFDOH+RZHYHUQDQRVL]HGILEHUVKDYHEHHQUHFHQWO\LQWURGXFHGDQGDUHEHLQJFRQVLGHUHGDVILEHUVLQWKH
FRQVWUXFWLRQ PDWHULDOV 1DQRSDUWLFOHV VXFK DV FDUERQ QDQRWXEHV &17V DQG FDUERQ QDQRILEHUV &1)V H[KLELW
XQLTXHSURSHUWLHVKHQFHWKH\KDYHEHHQJDLQLQJPRUHDWWHQWLRQGXULQJWKHSDVW\HDUVDQGWKH\DUHDSSOLHGLQPDQ\
ILHOGVWRIDEULFDWHQHZPDWHULDOVZLWKQRYHOW\IXQFWLRQV7KHSURSHUWLHVRIWKHVHILEHUVDUHVXPPDUL]HGLQ7DEOH
7KH VWUXFWXUH RI WKH QDQR WXEHV LV EDVHGRQ JUDSKLWH VKHHWV UROOHG LQWR D WXEH VKDSH DV VKRZQ LQ)LJXUH ZKLOH
FDUERQQDQRILEHUVDUHPDGHRIVWDFNHGFRQHVKDSHVZKLFKKDYHH[SRVHGHGJHSODQHVDORQJWKHLUVXUIDFHV

7DEOH3URSHUWLHVRI&DUERQ1DQRWXEHVDQG&DUERQ1DQRILEHUV
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7\SLFDO&KDUDFWHULVWLFV 
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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$SSOLHG6FLHQFH,QF±3\URJUDI3URGXFWV


)LJXUH6FKHPDWLFLOOXVWUDWLRQRI&17DQG&1)VD6LQJOHZDOOFDUERQQDQRWXEHE0XOWLZDOOFDUERQQDQRWXEHDQGFVWUXFWXUHRIDQDQR
FRQHVWDFNHG&1)

7RGDWH WKHUHVHDUFKRQQDQRILEHUVKDYHPDLQO\EHHQIRFXVHGRQWKHFHPHQWSDVWHDQGLW LVFRQFOXGHGWKDWLWV
SURSHUWLHVFDQEHHQKDQFHGE\LQFUHDVHGFRPSUHVVLYHVWUHQJWKORZHUWKHUPDOFRQGXFWLYLW\LQFUHDVHGGXUDELOLW\DQG
LQFUHDVHGHOHFWULFDOFRQGXFWLYLW\IRUKHDOWKPRQLWRULQJSXUSRVHV>@
$QLQLWLDOPDWHULDOWHVWLVFRQGXFWHGRQ&1)5&ZLWKRIILEHUVE\YROXPHRIWKHELQGHU7KH&1)LVPL[HG
ZLWKZDWHU DQG VXSHUSODVWLFLVHU DQG WKHQ VRQLFDWLRQ WHFKQLTXHVDUHXVHG WRSURSHUO\GLVSHUVH LW&RPSUHVVLRQ DQG
VSOLW WHQVLOH WHVWVZHUHFRQGXFWHGRQF\OLQGHUVRI+î'PPDQG WKHVWUHQJWKRI WKHPDWHULDO LVGHULYHGDQG
FRPSDUHGWRQRUPDOFRQFUHWH7DEOHDQG)LJXUHEHORZVKRZWKHUHVXOWVRIWKHWHVW

7DEOH&RPSDULVRQRIUHVXOWVIRU1&DQG&1)5&
 &1)E\YROXPHRIWKHELQGHU ZF &RPSUHVVLYHVWUHQJWK03D 6SOLWWHQVLOHVWUHQJWK03D
1RUPDO&RQFUHWH    
&1)5&    
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
)LJXUH([SHULPHQWDOUHVXOWVDIWHUWKHWHVW

7KH UHVXOWV RI WKLV VLPSOH FRPSDULVRQ VKRZ WKDW FRQFUHWHZLWK VLPLODU SURSRUWLRQV DQG FRQVWLWXHQWVKDVKLJKHU
VWUHQJWK XQGHU FRPSUHVVLRQ E\  DQG WKH VSOLW WHQVLOH VWUHQJWK LV LQFUHDVHG E\  )XUWKHU WHVWV DUH EHLQJ
FRQGXFWHGWRHYDOXDWHWKHGXFWLOLW\HQKDQFHPHQWRIWKHFRQFUHWHE\XVLQJVXFKILEHUVLQWKHFRQFUHWH
)RU WKLV UHVHDUFK VWXG\ WKH W\SHRI VWUXFWXUDOPHPEHU WREH LQYHVWLJDWHG LV NQRZQDV6WHHO&RQFUHWH VDQGZLFK
ZDOOZKLFKLVXVHGIRUKHDY\VWUXFWXUHV6WHHO&RQFUHWHFRPSRVLWH6&FRQVWUXFWLRQLVDVDQGZLFKV\VWHPLQZKLFK
WZR VWHHO SODWHV HQFDVH WKH FRQFUHWH LQ WKHPLGGOH7KH FRPSRVLWH DFWLRQ LV SURYLGHGE\ WKH VKHDU VWXGV7KH6&
V\VWHPZDV RULJLQDOO\ GHYLVHG IRU XVH LQ VXEPHUJHG WXEH WXQQHOV RYHU  \HDUV DJR DQG LW LV XVHG IRU KLJK ULVH
EXLOGLQJ FRUH ZDOO SRZHU SODQWV DQG RIIVKRUH VWUXFWXUHV 6& HQDEOHV WKH EXLOGLQJ WR PDLQWDLQ D KLJKO\ VHLVPLF
FRQGLWLRQ)LJXUHVKRZVWKHFRPSRVLWLRQRIWKLVVDQGZLFKV\VWHP

)LJXUH6&V\VWHP

)LQLWHHOHPHQWPRGHO
0XOODSXGLDQG$\RXE>@GHYHORSHGDIRUFHGEDVHGILEHUEHDPFROXPQHOHPHQWFRQVLGHULQJVRIWHQHGPHPEUDQH
PRGHO600>@ZKHUH VKHDUGHIRUPDWLRQ LVPRGHOOHGXVLQJ7LPRVKHQNREHDP W\SHDSSURDFKDORQJ WKHHOHPHQW
ZLWKWKHDVVXPSWLRQRISODQHVHFWLRQVUHPDLQSODQHDIWHUGHIRUPDWLRQV7KHK\VWHUHWLFVWHHOPDWHULDOFRQVWLWXWLYHODZ
IROORZVWKHZHOONQRZQ0HQHJRWWR±3LQWRPRGHOZKLFKLQFOXGHVLVRWURSLFVWUDLQKDUGHQLQJDQG%DXVFKLQJHUHIIHFW
7KHFRQFUHWHPRGHOGHVFULEHVWKHF\FOLFXQLD[LDOFRQVWLWXWLYHUHODWLRQVKLSVRIFUDFNHGFRQFUHWHLQFRPSUHVVLRQDQG
WHQVLRQ 7KH HQYHORS FXUYH RI WKH FRQFUHWH LQ FRPSUHVVLRQ IROORZV ZHOONQRZQPRGLILHG .HQW DQG 3DUN PRGHO
7HQVLRQ
1&
7HQVLRQ
&1)5&
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ZKLFKRIIHUVDJRRGEDODQFHEHWZHHQVLPSOLFLW\DQGDFFXUDF\7KHHIIHFWRIWHQVLRQVWLIIHQLQJLVFRQVLGHUHGE\WKH
PRGHOGHYHORSHGE\%HODUELDQG+VX>@7KHPRQRWRQLFVWUHVVVWUDLQFXUYHHQYHORSRIWKHFRQFUHWHLVUHSUHVHQWHG
E\DSDUDEROLFFXUYHZKLOHWKHF\FOLFEHKDYLRUDVGHVFULEHGLQGHWDLOE\<DVVLQ>@

)LJXUH0RQRWRQLFQRQVRIWHQHGDQGVRIWHQHGVWUHVV±VWUDLQFXUYH

2QHRIWKHNH\HOHPHQWVRI600PRGHOLVVRIWHQLQJFRHIILFLHQWȗZKLFKLVDUHGXFWLRQIDFWRURIFRPSUHVVLYH
VWUHQJWK ZLWK LQFUHDVLQJ XQLD[LDO SULQFLSDO WHQVLOH VWUDLQ )LJXUH  ,W LV D UDWLR RI H[SHULPHQWDOO\ GHWHUPLQHG
FRPSUHVVLYH VWUHQJWK XQGHU WHQVLRQFRPSUHVVLRQ VHTXHQWLDO ORDGLQJ RQ D5& SDQHO WR H[SHULPHQWDOO\ GHWHUPLQHG
XQLD[LDOFRPSUHVVLYHVWUHQJWKRI5&F\OLQGHU+DYLQJH[SHULPHQWDOGDWDRIFRPSUHVVLYHVWUHQJWKIRUYDULRXVOHYHOV
RIFUDFNLQJPHDVXUHVLHWHQVLOHVWUDLQVHTXHQWLDOORDGLQJ=KXDQG+VX>@SURSRVHGDPDWKHPDWLFDOHTXDWLRQRI
VRIWHQLQJFRHIILFLHQWUHODWLQJWKHXQLD[LDOWHQVLOHVWUDLQIRU5&SDQHOV

ȗ IF¶AİAĮ      

:KHUH
IF¶ 8QLD[LDOFRQFUHWHFRPSUHVVLYHVWUHQJWK
İ VPHDUHGXQLD[LDOWHQVLOHVWUDLQ
Į GHYLDWLRQDQJOHEHWZHHQDSSOLHGVWUHVVDQJOHDQGURWDWLQJDQJOH
&RUUHODWLRQVWXGLHVZLWKH[SHULPHQWV
&XFFKLDUDHWDO>@VWXGLHGWKHIOH[XUDOSHUIRUPDQFHRIVWHHOILEHUUHLQIRUFHGEHDPVWRHYDOXDWHWKHFRQWULEXWLRQ
RI WKH ILEHUV WR VKHDU UHVLVWDQFH DQG SRVVLELOLW\ UHSODFLQJ WUDQVYHUVH VWHHO UHLQIRUFHPHQWZLWK DSSURSULDWH YROXPH
IUDFWLRQRIVWHHOILEHUV7KHVHOHFWHGEHDP$LVDEHDPGHVLJQDWHGZLWKSDUWLDOUHSODFHPHQWRIVWLUUXSVZLWK9I 
YROXPHIUDFWLRQRIVWHHOILEHUVZLWKUHVSHFWWRWKHYROXPHRIFRQFUHWH%HDP$ZDVVLPSO\VXSSRUWHGRYHUD
PP VSDQ DQG KDG PP ZLGWK ZLWK PP GHSWK 7KH VWLUUXSV ZHUH VSDFHG DW PP 7KH EHDP ZDV
VXEMHFWHG WR WZRSRLQW ORDGV ZLWK D VKHDU VSDQ RI DG  7KH ORDGLQJ DUUDQJHPHQW UHLQIRUFHPHQW GHWDLOV DQG
RYHUDOOJHRPHWU\RIWKHEHDPWRJHWKHUZLWKWKHFUDFNSDWWHUQDIWHUIDLOXUHDUHVKRZQLQ)LJXUH7KHIDLOXUHPRGHRI
WKHEHDPZDVEULWWOHDQGWKHFUDFNVZHUHPRUHORFDOL]HGDQGPRVWRIWKHPZHUHORFDWHGDERYHDQGDORQJWKHLQFOLQHG
OLQHMRLQLQJWKHVXSSRUWZLWKWKHSRLQWDWZKLFKWKHORDG3LVDSSOLHG7KHUHVXOWVRIWKHPRGHODQGH[SHULPHQWDO
WHVWDUHVKRZQLQ)LJXUH$JRRGFRUUHODWLRQLVREVHUYHGIRUWKHFDVHZLWKVWHHOILEHU
7KHHIIHFWRIFDUERQQDQRILEHUUHLQIRUFHGFRQFUHWHZLWKRIILEHUVZDVVWXGLHGRQWKHF\FOLFEHKDYLRURIWKH
VKRUWVKHDUFULWLFDOFROXPQE\+RZVHU>@7KHFROXPQZDVLQFKLQKHLJKWZLWKDLQFKVTXDUHFURVVVHFWLRQ
7KH UHLQIRUFHPHQW FRQWDLQHG VL[  ORQJLWXGLQDO UHEDUV DQG  VWLUUXSV ZLWK D VSDFLQJ RI  LQFK SURYLGLQJ
WUDQVYHUVHUHLQIRUFHPHQW6HH)LJXUH7KHFROXPQZDVULJLGO\FRQQHFWHGWRDFRQFUHWHIRXQGDWLRQ$QD[LDOORDG
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HTXDOWRRQHWHQWKRIWKHFROXPQ¶VD[LDOFDSDFLW\NLSVZDVDSSOLHGIROORZHGE\DODWHUDOUHYHUVHGF\FOLFORDG
DWWKHWRSRIWKHFROXPQXQWLOIDLOXUHRFFXUUHG7KHUHVXOWVRIWKHEHKDYLRURIWKHFROXPQZLWKUHLQIRUFHGFRQFUHWH
5&6WHHOILEHUUHLQIRUFHGFRQFUHWH6&6)5&DQG&1)FRQFUHWH&1)6&5&LVVKRZQLQ)LJXUH7KHFROXPQ
ZDVPRGHOOHGXVLQJWKHILEHUEHDPHOHPHQWZLWKWKHFURVVVHFWLRQRIWKHHOHPHQWGLYLGHGLQWRORQJLWXGLQDOILEHUV
DQG WKH ORDGZDV DSSOLHG WR REWDLQ WKH EDFNERQH FXUYHRI WKH F\FOLF EHKDYLRU7KH UHVXOW RI WKH)( DQDO\VLV DQG
PRQRWRQLFEHKDYLRURIWKHVSHFLPHQLVSUHVHQWHGLQ)LJXUH


)LJXUH%HDP$JHRPHWU\DOOGLPHQVLRQVLQPP

)LJXUH/RDG±'HIOHFWLRQ&XUYHV$

7RHYDOXDWHWKHEHKDYLRXURI6&ZDOOVWKH\ZHUHILUVWPRGHOOHGDQGYDOLGDWHGLQ)($3SY7KHVSHFLPHQWHVWHG
E\9DUPDHWDO>@ZDVFKRVHQIRUWKHSXUSRVHRIWKLVVWXG\7KHVSHFLPHQ63UHSUHVHQWHGIXOOVFDOHJHRPHWULF
GLPHQVLRQVLQWHUPVRIZKDWLVXVHGLQWKHFXUUHQW6&FRQVWUXFWLRQ)LJXUH,WVKRXOGEHQRWHGWKDWWKH)(PRGHO
WDNHVLQWRDFFRXQWWKHYHUWLFDOVKHDUUHVLVWDQFHE\DVVXPLQJVPHDUHGUHLQIRUFHPHQW
)LJXUH  VKRZV D FRPSDULVRQ RI WKH H[SHULPHQWDOO\ PHDVXUHG DQG DQDO\WLFDOO\ SUHGLFWHG ORDGGLVSODFHPHQW
UHVSRQVHVIRU6SHFLPHQ63

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
)LJXUH/HIWFURVVVHFWLRQRIFROXPQDOOGLPHQVLRQVLQLQFKHV5LJKWORDGGHIOHFWLRQEHKDYLRXURIFROXPQV>@


)LJXUH/RDG'LVSODFHPHQWEHKDYLRURI6&&1)&FROXPQ



)LJXUH6SHFLPHQJHRPHWU\DQGFRQFUHWHFUDFNPDSIRU63>@

905 Faezeh Faghih et al. /  Procedia Engineering  171 ( 2017 )  899 – 908 

)LJXUH([SHULPHQWDOYV)(UHVXOWVIRU63
6WUXFWXUDOEHKDYLRXURIVWHHOFRPSRVLWHZDOO
7KHEHKDYLRURIWKH6&HOHPHQWXVLQJWKHYDOLGDWHG)(PRGHORI6&ZDVDQDO\]HGXVLQJSURSHUWLHVRISUHYLRXVO\
YDOLGDWHG PDWHULDOV VWHHO ILEHU UHLQIRUFHG FRQFUHWH 9I   53& DQG &1) UHLQIRUFHG FRQFUHWH 7KH JUDSKV
UHSUHVHQWLQJ6&EHDPHOHPHQWZLWKLQFRUSRUDWLRQRIHDFKPDWHULDOLVSUHVHQWHGLQ)LJXUHDQG7DEOH


)LJXUH)(DQDO\VLVRI6&HOHPHQWZLWKGLIIHUHQWPDWHULDOV

7KH&1)FRQFUHWHZLWKRQO\YROXPHRIILEHUVLQFUHDVHGWKHORDGLQJFDSDFLW\E\PRUHWKDQDQGVKRZHG
WKHPRVWGXFWLOHEHKDYLRUDPRQJVWRWKHUPDWHULDOV'XFWLOLW\!)URPWKHSRVWSHDNEHKDYLRULWLVDSSDUHQWWKDWWKH
EHKDYLRU RI WKH6&PHPEHU LV WUDQVIRUPHG IURPEULWWOH WR YHU\ GXFWLOH ,W VKRXOG EH QRWHG WKDW GXFWLOLW\ LV RI DQ
LPSRUWDQFHWRHQKDQFHVWUXFWXUDOEHKDYLRUXQGHUERWKPRQRWRQLFDQGF\FOLFORDGVDQGSUHYHQWSUHPDWXUHIDLOXUHRI
PHPEHUVDQGDFFRUGLQJWR WKLVUHVXOWV WKH&1)UHLQIRUFHGFRQFUHWHFDQKLJKO\HQKDQFHWKHVWUXFWXUDOEHKDYLRURI
WKHPHPEHUDQGLVWKXVFRQVLGHUHGDJUHDWILEHUWREHXVHGLQFRQFUHWHDVRSSRVHGWRVWHHOILEHU
(SDFNDFKL HW DO >@ FRQGXFWHG DQ H[SHULPHQWDO VWXG\ WR LQYHVWLJDWH WKH EHKDYLRU RI ODUJHVFDOH VWHHOSODWH
FRPSRVLWH6&ZDOOVVXEMHFWHGWRGLVSODFHPHQWFRQWUROOHGF\FOLFODWHUDOORDGLQJUHSUHVHQWDWLYHRIVHLVPLFORDGLQJ
7KHWHVWLQJSURJUDPLQYROYHGIRXUUHFWDQJXODU6&ZDOOVSHFLPHQVZLWKDQDVSHFWUDWLRKHLJKWWROHQJWKRI7KH
VWXGVDQGWLHURGVDUHVSDFHGDWGLVWDQFHPPDQGPPUHVSHFWLYHO\WKHKHLJKWOHQJWKDQGRYHUDOOWKLFNQHVV
RI WKH ZDOO LV PP PP DQG  PP UHVSHFWLYHO\ WKH WKLFNQHVV RI HDFK IDFHSODWH LV PP WKH
UHLQIRUFHPHQWUDWLRLVWKHIDFHSODWHVOHQGHUQHVVUDWLRLVDQGFRQFUHWHVWUHQJWKPHDVXUHGRQWKHGD\RIWKH
WHVWV LV 03D7KH GLDPHWHUV RI WKH VWXGV DQG WLH URGVZHUH PP IRU DOOZDOOV 7KH VWXGV DQG WLH URGVZHUH
IDEULFDWHGIURPFDUERQVWHHOZLWKQRPLQDO\LHOGVWUHQJWKRI03D

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7DEOH3HUIRUPDQFHRI6&EHDPZLWKVPDUWPDWHULDOV

3URSHUWLHV

6&
7HVW
6&
)( 6&6) 6&53& 6&&1)
ࡼ࢛>NLSV@
8OWLPDWH/RDG     !
ࢊ࢛>LQ@
'LVSODFHPHQWDWXOWLPDWHORDG     !

'XFWLOLW\    a !
K>NLSVLQ@
,QLWLDOVWLIIQHVV     
(QKDQFHPHQW
௨ܲ     !
݀௨     !

7KH\LHOGDQGXOWLPDWH VWUHQJWKVRI WKH VWHHO IDFHSODWHV FDOFXODWHG IURP WKUHHFRXSRQ WHVWVZHUHDQG
03DUHVSHFWLYHO\7KH6&ZDOOLVPRGHOOHGDQGYDOLGDWHGDJDLQVWH[SHULPHQWDOUHVXOWVDVVKRZQLQ)LJXUH,W
FDQEHVHHQWKDWSLQFKLQJRIWKHORDGGHIRUPDWLRQUHVSRQVHDVREVHUYHGLQH[SHULPHQWDOWHVWLQJLVQRWFDSWXUHGLQWKH
DQDO\WLFDOORDGGHIRUPDWLRQUHVSRQVH1RUPDO&RQFUHWH1&%OXH&RORUDVWKHSUHVHQWPRGHOGRHVQRWLQFOXGHWKH
SODWHEXFNOLQJDQGERQGVOLSEHKDYLRUZKLFKDUHSULPDU\ORDGUHVLVWLQJPHFKDQLVPLQFDVHRIHFRQRPLFDOO\GHVLJQHG
6& ZDOO DORQJ ZLWK IOH[XUDOVKHDU IDLOXUH RI FRQFUHWH +RZHYHU WKH SUHVHQW PRGHO FDQ FDSWXUH WKH SHDN VKHDU
VWUHQJWK LQLWLDO VWLIIQHVV GHIRUPDWLRQ FDSDFLW\ DQG HQHUJ\ GLVVLSDWLRQZLWK UHDVRQDEOH DFFXUDF\+HQFHIRUWK WKH
VDPH PRGHO KDV EHHQ XVHG WR LQYHVWLJDWH WKH HIIHFW RI ILEHU RQ ORDGGHIRUPDWLRQ FKDUDFWHUL]HV 7KH FRQFUHWH
FRPSUHVVLYH DQG WHQVLOH VWUHQJWK RI VWHHO ILEHU 9I   DUH 03D DQG 03D UHVSHFWLYHO\ 7KH FRQFUHWH
FRPSUHVVLYHDQGWHQVLOHVWUHQJWKRIFDUERQQDQRILEHU9I DUH03DDQG03DUHVSHFWLYHO\,WFDQEH
VHHQ WKDW 6)5&  DQG &1)  SURYLGH EHWWHU RYHUDOO SHUIRUPDQFH WKDQ WKDW RI 1& ,Q DGGLWLRQ  6)5&
SURYLGHVPRUHLQLWLDOVWLIIQHVVDQGSHDNVKHDUVWUHQJWKEXWOHVVHQHUJ\GLVVLSDWLRQDQGGHIRUPDWLRQFDSDFLW\WKDQWKDW
RI  &1) 7KH VLPLODU REVHUYDWLRQ IRU 6)5& KDV EHHQ UHSRUWHG E\ VHYHUDO UHVHDUFKHUV LQ FDVH RI UHLQIRUFHG
FRQFUHWHPHPEHUV


















)LJXUH/RDG'HIOHFWLRQ&XUYH±/HIW([SHULPHQWDO5LJKW1XPHULFDO
7KH SUHVHQW PRGHO GRHV QRW FRQVLGHU WKH EXFNOLQJ RI VWHHO SODWH +RZHYHU WKH HIIHFW RI ILEHU RQ EXFNOLQJ
SKHQRPHQRQ FDQ EH LQGLUHFWO\ FDSWXUHG E\ SORWWLQJ WKH ORQJLWXGLQDO VWHHO VWUDLQ RI WKHPRVW FULWLFDO ILEHU LH WKH
RXWHUPRVWILEHU,WFDQEHREVHUYHGIURPWKHDERYH)LJXUHWKDWWKHSURJUHVVLRQRIDFFXPXODWHGSODVWLFVWUDLQLQWKH
SODWH LVKLJKHU IRUQRUPDO FRQFUHWH WKDQ WKDWRI6)5&DQG&1)ZKLOH WKH ODWWHUKDV VKRZQ OHVVHU UDWHRI
SURJUHVVLRQRIDFFXPXODWHGSODVWLFWHQVLOHVWUDLQ7KXVLWFDQEHFRQFOXGHGWKDW&1)DQG6)5&DUHERWKHIIHFWLYHLQ
GHOD\LQJWKHEXFNOLQJSKHQRPHQRQ

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

)LJXUH/RQJLWXGLQDO6WHHO6WUDLQDW2XWHUPRVW)LEHU

&RQFOXVLRQV
$PRQJVWWKHGLIIHUHQWGHYHORSHGFRQFUHWHPDWHULDOVVWHHOILEHULVWKHRQHPRVWO\VWXGLHGE\UHVHDUFKHUV$PRQJVW
QHZO\GLVFRYHUHGILEHUVWKH&1)KDVJDLQHGPRUHDWWHQWLRQLQWKHZRUOGRIQDQRWHFKQRORJ\DQGLWLVEHLQJVWXGLHG
H[WHQVLYHO\IRUWKHSDVWIHZ\HDUV+RZHYHUWKHVWXG\RQ&1)FRQFUHWHLVOLPLWHGWRWKHPDWHULDOOHYHODQGLVPDLQO\
IRFXVHGRQFHPHQWPRUWDUSDVWH$PDWHULDOWHVWRQ&1)PRUWDUKDVVKRZQWKDWWKHDGGLWLRQRIVXFKILEHUVLQFUHDVHV
WKH FRPSUHVVLYH DQG IOH[XUDO VWUHQJWK RI WKHPRUWDU ,Q WKLV VWXG\&1) LV FRQVLGHUHG LQ WKH FRQFUHWH DQG LWZDV
HYLGHQWWKDWWKHDGGLWLRQRIILEHUVLPSURYHGWKHPHFKDQLFDOSURSHUWLHVRIWKHFRQFUHWH7KHUHLVDJDSLQILQGLQJ
WKHHIIHFWRI&1)FRQFUHWHDWWKHVWUXFWXUDOOHYHOZKLFKLQWKLVVWXG\ZDVDQDO\]HGXVLQJWKHJHQHUDOSXUSRVH)LQLWH
(OHPHQW3URJUDPPH)($3SY7KHUHVXOWVVKRZHGWKDW&1)FRQFUHWHHQKDQFHVWKHF\FOLFEHKDYLRURIWKHVWUXFWXUDO
PHPEHUVDVZHOODV WKHVWUHQJWKGXFWLOLW\DQGHQHUJ\DEVRUSWLRQRI WKHPHPEHUXQGHU ORDG/RFDOO\DOVRWKH\DUH
HIIHFWLYHLQUHVLVWLQJGHOD\LQJEXFNOLQJRIWKHIDFHSODWH7KHSHUIRUPDQFHRI6&ZDOOVSURYHGWREHEHWWHUZKHQ&1)
FRQFUHWHLVXVHGFRPSDUHGWRVWHHOILEHUUHLQIRUFHGFRQFUHWH
5HIHUHQFHV
>@ <D]GDQEDNKVK $ *UDVOH\ = 7\VRQ % DQG $EX $O5XE 5 $ D ³'LVWULEXWLRQ RI &DUERQ 1DQRILEHUV DQG 1DQRWXEHV LQ
&HPHQWLWLRXV &RPSRVLWHV´ -RXUQDO RI WKH 7UDQVSRUWDWLRQ 5HVHDUFK %RDUG 7UDQVSRUWDWLRQ 5HVHDUFK %RDUG RI WKH 1DWLRQDO $FDGHPLHV
:DVKLQJWRQ±
>@ 0XOODSXGL 75 $\RXE $  ³0RGHOOLQJ RI WKH 6HLVPLF %HKDYLRU RI 6KHDU&ULWLFDO 5HLQIRUFHG &RQFUHWH &ROXPQV´ (QJLQHHULQJ
6WUXFWXUHV1RSS
>@ =KX 5 +  ³6RIWHQHG 0HPEUDQH 0RGHO IRU &UDFNHG 5HLQIRUFHG &RQFUHWH &RQVLGHULQJ 3RLVVRQ (IIHFW´ 'HSW RI &LYLO DQG
(QYLURQPHQWDO(QJLQHHULQJ3K'GLVVHUWDWLRQ8QLYHUVLW\RI+RXVWRQ+RXVWRQ7;
>@ %HODUEL $ +VX 77&  ³&RQVWLWXWLYH /DZV RI &RQFUHWH LQ 7HQVLRQ DQG 5HLQIRUFLQJ %DUV 6WLIIHQHG E\ &RQFUHWH´ $&, 6WUXFWXUDO
-RXUQDO±
>@ <DVVLQ0+0³1RQOLQHDU$QDO\VLVRI3UHVWUHVVHG&RQFUHWH6WUXFWXUHVXQGHU0RQRWRQLFDQG&\FOLF/RDGV´%HUNHOH\8QLYHUVLW\RI
&DOLIRUQLD3K'GLVVHUWDWLRQ
>@ =KX5++VX77&3RLVVRQHIIHFWRIUHLQIRUFHGFRQFUHWHPHPEUDQHHOHPHQWV6WUXFW-$PHULFDQ&RQFUHWH,QVWLWXWH±

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>@ &XFFKLDUD & 0HQGROD // DQG 3DSLD 0  ³(IIHFWLYHQHVV RI 6WLUUXSV DQG 6WHHO )LEHUV DV 6KHDU 5HLQIRUFHPHQW´ &HPHQW DQG
&RQFUHWH&RPSRVLWHV1RSS
>@ +RZVHU 5  ³%HKDYLRU RI 6WHHO )LEHUV DQG &UDERQ 1DQRILEHUV LQ 6KHDU&ULWLFDO 5HLQIRUFHG &RQFUHWH &ROXPQV´ 06 7KHVLV
'HSDUWPHQWRI&LYLOHQJLQHHULQJ8QLYHUVLW\RI+RXVWRQ6WDWHRI7H[DV
>@ 9DUPD$+0DOXVKWH656HQHU.&%RRW31DQG&RRJOHU.³6WHHO3ODWH&RPSRVLWH6&:DOOV$QDO\VLVDQG'HVLJQ
,QFOXGLQJ7KHUPDO(IIHFWV´7UDQVDFWLRQV60L571HZ'HOKL,QGLD1RYHPEHU3DSHU1R
>@(SDFNDFKL 6LDPDN 1DP + 1JX\HQ (IH * .XUW $QGUHZ 6 :KLWWDNHU $PLW + 9DUPD  ³,Q3ODQH 6HLVPLF %HKDYLRXU RI
5HFWDQJXODU6WHHO3ODWH&RPSRVLWH:DOO3LHUV´$PHULFDQ6RFLHW\RI&LYLO(QJLQHHUV'2,$6&(67;

